T he impact of morbidity and mortality among patients with human immunodeficiency virus (HIV) has been well documented. 1 Since the introduction of HIV antiretroviral therapy (ART), a large proportion of HIV-related morbidity, mortality, and reduced quality of life has become avoidable. 2 However, the social and clinical pathways through which HIV-infected individuals must travel to optimize clinical outcomes are often complex and characterized by barriers to testing, timely linkage, and retention in appropriate HIV care; comprehensive reviews of this process and the inherent complexities of engagement in HIV medical care have been presented elsewhere.
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For low-income individuals, barriers to appropriate HIV care can be particularly challenging, which is clearly of concern in the United States where most patients with HIV receiving care have low income. 6Y9 Indeed, approximately 42% of patients with HIV receiving care have health insurance coverage through the means-tested (ie, subject to financial eligibility requirements) Medicaid program, making it the largest source of health insurance for patients with HIV in the United States. 10 One of 3 primary goals of the Office of National AIDS Policy's National HIV/AIDS Strategy is to increase access to care and improve health outcomes for people living with HIV. 11 Two core pillars intended to achieve this goal are the implementation of the Affordable Care Act, which will expand Medicaid eligibility to all lower-income individuals younger than 65 years, and the establishment of a ''seamless system to immediately link people to continuous and coordinated quality care when they learn they are infected with HIV.'' 11, 12 Information on the patterns and correlates of linkage is prerequisite to the design and implementation of policies and practices targeted toward better linkage of HIV-diagnosed individuals with appropriate HIV care. Although several studies have examined this, none have focused solely on the largest and soon-to-be expanded segment of the insured HIV population, namely, Medicaid beneficiaries. Therefore, the objective of this study was to examine patterns in the duration of time from HIV diagnosis until linkage to appropriate HIV care and the association between patients' characteristics and the probability of linkage to appropriate HIV care after HIV diagnosis in the US Medicaid population.
MATERIALS AND METHODS

Data
Study data were administrative health care claims extracted from the 2002 to 2010 years of the Truven Health MarketScan Multi-State Medicaid (Medicaid, Truven Health Analytics, Ann Arbor, Mich) Database. This database comprises data collected from a nonprobability sample of 15 geographically dispersed Medicaid states that vary in size and sociodemographic composition. During the study period, more than 23 million patients were represented in the Medicaid database. The Medicaid database includes covered inpatient medical, outpatient medical (including laboratory claims but not laboratory results) and outpatient pharmaceutical claims and encounter records, along with patient enrollment records and demographic information such as age, sex, and race. Because of confidentiality agreements between Truven Health Analytics and the states that contribute data to the Medicaid database, further public disclosure of identifying information about the State Medicaid programs is restricted. The data contained in the Medicaid database are statistically deidentified and fully compliant with the Health Insurance Portability and Accountability Act Privacy Regulations; as such, institutional review board approval and written informed consent were not required for this study.
Study Sample Selection
Included patients were those aged 18 to 64 years with an HIV test claim between January 1, 2003, and May 1, 2010. Patients were required to have a claim with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code for HIV either on the same day as the HIV test or after the HIV test. The date of the HIV test that was temporally proximate to the first HIV diagnosis was designated as the ''Test Index.'' Among patients whose HIV diagnosis followed the HIV test (as opposed to being on the same day), continuous insurance enrollment was required between the HIV test and the HIV diagnosis to ensure complete data capture. In addition, patients were required to have continuous insurance enrollment for at least 180 days before the Test Index in an attempt to ensure that all selected patients were newly diagnosed as having HIV.
Because the study focused on newly diagnosed patients with HIV, patients were excluded if, at any time before the Test Index, they had any HIV-related ART, any claims with an ICD-9-CM diagnosis code for HIV, or any CD4, HIV RNA viral load, or antiretroviral resistance testing.
Observation Period
The observation period comprised a baseline period and an evaluation period. The baseline period was used to measure patient characteristics such as demographics and comorbidities and comprised a fixed 180-day period ending on the day before the Test Index. The evaluation (follow-up) period was used to measure time to linkage to appropriate HIV care and comprised the variable-length period beginning on the Test Index and ending at linkage to appropriate HIV care or censoring at either disenrollment from Medicaid benefits or reaching the study end date of June 30, 2010 . The Test Index, as opposed to HIV diagnosis, was chosen as the starting point for measuring time to linkage to appropriate HIV care because delays in collecting an HIV diagnosis may be considered part of a delay in linkage.
Study End points
The primary study end point was linkage to appropriate HIV care, which was defined as the receipt of CD4 and HIV RNA viral load testing during the evaluation period (henceforth referred to as the ''standard definition''). This definition is based on guidelines from the US Department of Health and Human Services and the HIV Medicine Association of the Infectious Diseases Society of America, which stipulate that when a patient is linked to care, an appropriate baseline evaluation must include measurement of HIV RNA viral load and CD4 cell count to determine disease stage and indications for ART.
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Patients who are not monitored through such testing are placed at risk for late initiation of ART. Late initiation of ART has been associated with poorer virologic response and higher mortality. 14 In addition, the Centers for Disease Control and Prevention have used records of CD4 and HIV RNA viral load testing as the basis to development of a nationally representative surveillance system to monitor delays in receiving HIV care. 15 A more restrictive definition of linkage to appropriate HIV care was developed for the sensitivity analysis, which was receipt of CD4, HIV RNA viral load, and antiretroviral resistance testing during the evaluation period (henceforth referred to as the ''restrictive definition''). During the study period, recommendations for the use of resistance testing were gradually adopted into the US treatment guidelines. 16 
Measured Correlates of Linkage to Appropriate HIV Care
We examined several variables as potential correlates of linkage to appropriate HIV care. Patient demographics, which are listed in Table 1 , were ascertained from the database as recorded by the Medicaid system for administrative purposes.
Patient clinical characteristics, which are listed in Table 2 , were ascertained from the database using health care service, drug, and diagnostic coding recorded by the Medicaid system for administrative purposes. Nosologists (medical coders) compiled all diagnosis and procedure coding used to measure patient clinical characteristics. Because a patient's general health status † Asian, Native American, Pacific Islander. ‡ Indicator for whether the patient had at least 1 child (G18 years of age) covered under the patient's same Medicaid benefits policy.
§ Indicator for whether the patient was a member of a health plan with capitated (vs. fee-for-service) payment arrangements.
CI indicates confidence interval; HR, hazard ratio.
and prior general linkage to the health care system may play an important role in their probability and time to linkage to appropriate HIV care, we measured several claims-based proxies of these characteristics within the baseline period. We also measured several other clinical variables that were hypothesized to be correlated with linkage to appropriate HIV care, including indicators for specific sexually transmitted infections that are known to be HIV risk factors ; and indicators for conditions associated with low CD4 count. 22 
Statistical Analyses
The Kaplan-Meier product-limit method 23 of survival analysis was used to visually depict the distribution of time to linkage to appropriate HIV care or censoring at either disenrollment from Medicaid benefits or reaching the study end date of June 30, 2010. Multivariable Cox proportional hazards regressions were used to characterize the association between patient characteristics and time to linkage to appropriate HIV care after the Test Index (standard and restrictive definitions separately). These models expressed the time to linkage to appropriate HIV care after the Test Index as a function of all measured patient demographics, indicators for State Medicaid programs, and a subset of the measured patient clinical characteristics. Variables were included in the model if they had a bivariate association (P G 0.10 for crude hazard ratio) with time to linkage to appropriate HIV care or if they were thought to be theoretically critical to the model specification regardless of the statistical significance of their bivariate association (e.g., sex). Certain variables that were conceptually similar (e.g., clinical indicators for HIV) were combined into single composite measures. Variables that were statistically significant but had very low counts (e.g., atypical mycobacterium pulmonary infection, which was diagnosed in only 1 patient) were not included in the models. The Schoenfeld test was used to verify that all variables met the proportionality assumption of the Cox proportional hazard modeling approach. had an HIV diagnosis after HIV testing, and of these, 2688 were not aged 18 to 64 years at the time of the Test Index and a further 3745 did not have at least 180 days of continuous enrollment before the Test Index. In addition, 199 patients had claims for HIV-related ART before the Test Index, and a further 323 had an HIV diagnosis before the Test Index. Among the remaining patients, 189 did not have continuous enrollment between the Test Index and HIV diagnosis. Finally, an additional 57 patients had CD4, HIV RNA viral load, or antiretroviral resistance testing before the Test Index. Ultimately, the total study sample comprised 6864 patients.
RESULTS
Study Sample
Time to Linkage to Appropriate HIV Care
Among all newly diagnosed patients with HIV meeting the study selection criteria, regardless of whether they linked to appropriate HIV care, the mean (median) duration of data available for observation was 653 (521) days. A total of 4179 (60.9%) patients had an HIV diagnosis on the same day as their Test Index, and 443 (an additional 6.5%) had an HIV diagnosis the next day. The 50th, 75th, 90th, and 95th percentiles of the distribution of time from the Test Index to the HIV diagnosis were 0, 14, 130, and 367 days, respectively. Figure 1 displays the Kaplan-Meier plot of the time to linkage to appropriate HIV care (standard definition) for all patients combined. Most patients who linked to appropriate HIV care did so within the first 3 months after the Test Index. The 1-year Kaplan-Meier estimated probability of linkage to appropriate HIV care (standard definition) was 21.0%, increasing to 26.4% after 5 years. Using the restrictive definition (data not shown), most patients who linked to appropriate HIV care also did so within the first 3 months after the Test Index, with the 1-year Kaplan-Meier estimated probability of linkage to appropriate HIV care being 9.2%, increasing slightly to 11.5% after 5 years. * The interpretation of these hazard ratios is as follows: the hazard of linkage to appropriate HIV care after the Test Index is 70% higher in males than in females when age is 0. With each additional year of age in females, the hazard of linkage to appropriate HIV care after the Test Index increases by 1.3%, whereas in males, it decreases by 1.2%.
Correlates of Linkage to Appropriate HIV Care
CI indicates confidence interval; HR, hazard ratio; NDC, National Drug Code. † Redacted state and urban residence indicators were adjusted for in the multivariable analyses but not displayed in accordance with confidentiality agreement. Within the multivariable regressions, multicollinearity of the independent variables was tested by calculating the variance inflation factorVno evidence of substantive multicollinearity was detected in the models. The Schoenfeld test was used to verify that all variables met the proportionality assumption of the Cox proportional hazard modeling approach.
shorter times to linkage to appropriate HIV care. Figure 2 displays the Kaplan-Meier plot of time to linkage to appropriate HIV care (standard definition), stratified by race. The KaplanMeier estimated probabilities of patients linked to appropriate HIV care within 3 months after the Test Index were 26.3% black, 13.0% white, 6.8% Hispanic, and 8.8% other/unknown race/ethnicity patients. Table 2 displays patient clinical characteristics. Patients with clinical indicators for HIV had shorter times to linkage to appropriate HIV care (with varying levels of statistical significance), whereas patients with ''other'' mental disorders had longer times to linkage to appropriate HIV care. Table 3 displays the results of the multivariable Cox regressions. When examining the standard definition of time to linkage to appropriate HIV care, the demographic factors that were most strongly associated with shorter time to linkage were black race (vs. white race) and male sex. The clinical factor that was most strongly associated with shorter times to linkage was having a diagnosis of any clinical indicator for HIV. The clinical factors that were most strongly associated with longer times to linkage were having a diagnosis of hepatitis B or C, a diagnosis of renal disease (although this was very rare), a diagnosis of other mental disorders or a baseline outpatient office visit.
When examining the restrictive definition of time to linkage to appropriate HIV care, results were generally consistent with the findings from the model using the standard definition. The time to linkage became increasing lower as the test index occurred in earlier years, likely a reflection of the restrictive definition of linkage to appropriate HIV care being adopted into clinical practice over time.
DISCUSSION
This is the first study of linkage to appropriate HIV care that has focused solely on the Medicaid population. Depending on the operational definition of appropriate HIV care, time to event analyses indicate that 1 in 10 to 2 in 10 patients linked to appropriate care within 1 year of the Test Index, with most of those doing so within the first 3 months after the Test Index.
In a prior study of data from the years spanning 2000 to 2004, Centers for Disease Control and Prevention researchers found that 28% of respondents self-reported delayed entry to HIV care, which was defined as self-reported care entry greater than 3 months after HIV diagnosis. 24 The comparatively higher proportion of individuals who were not linked to care within 3 months of the Test Index in the present study (approximately 80%) may be explained by our inclusion of patients who may have never linked to appropriate care. Given that the Centers for Disease Control and Prevention researchers recruited their study subjects largely from among HIV care facilities and 99% of their sample reported having previously entered HIV medical care at the time of the interview, the lack of patients who had not linked to appropriate care would have resulted in underestimation of the time to linkage to appropriate HIV care.
Because prior research has generally shown disparities in access to HIV care favoring whites, the finding that black race (vs. white race) was strongly associated with a higher odds of linkage to appropriate HIV care was unexpected. We conducted several investigations of the study data to test this finding's robustness to alternative analytical circumstances. First, we tested whether this finding varied across states by fitting state-specific Cox proportional hazards models. Second, we fit 10 separate Cox proportional hazards models, chosen based on variables that differed significantly across individuals with black race/ ethnicity versus all other races/ethnicities. The goal of these sensitivity analysis models was to examine whether the race or other findings would differ in various subgroups. These models were fit in the following subgroups: males, females, patients with at least 1 child covered under their policy, patients with no children covered under their policy, patients in age group 18 to 34 years, patients not in age group 18 to 34 years, patients with other mental disorders, patients without other mental disorders, patients in urban locations, and patients in rural locations. All sensitivity analyses yielded results that were consistent with the main study findings in terms of the direction, magnitude, and statistical significance of the hazard ratios for each variable.
We hypothesize that the unexpected race finding is due to our examining a low-income, socioeconomically homogenous sample in which everyone possessed health care coverage and was already linked into the general health care system in that they had been diagnosed as having HIV. Although prior research has generally shown disparities in access to HIV care favoring whites, lack of health insurance, low income, and poor access to appropriate medical care have been suggested as strong drivers of racial disparities. 6Y8 In addition, the observed results reflect access to care among diagnosed patients. Unobserved or unmeasured differences in the severity of HIV at the time of diagnosis across Medicaid patients of different races could partially explain our race findings.
Other findings including the positive association between linkage and clinical indicators for HIV, which may indicate symptomatic disease, the positive association between linkage and male sex, and the negative association between linkage and having a diagnosis for mental illness, were in line with our expectations and prior research.
18,25Y27 However, the finding of a negative association between linkage and having had a baseline outpatient office visit was unexpected. We defined an outpatient office visit as a visit to any office-based outpatient provider, regardless of specialty. We hypothesize that the unexpected finding may have to do with patients who have competing health demands being less likely to seek medical attention for their HIV, which may especially be the case if their other conditions are symptomatic. In a prior qualitative study, patients who were diagnosed by non-HIV specialty physicians reported being overwhelmed and fearful of their disease. 28 Although our outpatient office visit definition does not directly reflect the phenomenon reported within the qualitative study, it is possible that some patients in the present study had similar experiences.
The requirement that patients have continuous insurance enrollment for at least 180 days before the Test Index was applied in an attempt to ensure that all selected patients were newly diagnosed as having HIV. This requirement, however, may have eliminated from the sample patients who could have differed systematically from the studied sample. For example, patients within the studied sample may be healthier overall and therefore less likely to link to appropriate HIV care after diagnosis. To address this potential bias, we reconstructed the sample using all inclusion and exclusion criteria, except the one requiring the 180 days of continuous insurance enrollment before the test index. Although refitting the multivariable Cox proportional hazards models using this expanded sample was not possible because the sample included patients who lacked the full baseline period during which correlates were measured, we reestimated the Kaplan-Meier estimators for the standard and restrictive definitions of time to linkage to appropriate HIV care. The Kaplan-Meier estimated probability of linkage to appropriate HIV care (standard definition) was 25.5% at 1 year and 30.3%; these were slightly higher than the primary analysis findings of 21.0% at 1 year and 26.4% after 5 years. The Kaplan-Meier estimated probability of linkage to appropriate HIV care (restrictive definition) was 10.5% at 1 year and 12.4%; these were slightly higher than the primary analysis findings of 9.2% at 1 year and 11.5% after 5 years.
This study had analytical limitations. First, administrative claims data are not primarily collected for research purposes and are subject to coding error, which could result in misclassifying patients' HIV status. The likelihood of such error would be directly related to a whether a health care provider would accidentally record a diagnosis of HIV when a patient does not indeed have HIV or fail to record a diagnosis of HIV when the patient does indeed have HIV. Although Medicaid administrative claims data have formed the basis of numerous epidemiologic studies and are thought to possess sufficient validity for such research, we are not able to quantify the exact likelihood of such coding error within the present study. Furthermore, claims data sets reflect those who are diagnosed as having a disease, and there may be considerable underdetection of HIV among Medicaid enrolled individuals. Second, although patients with evidence of HIV infection any time before the Test Index were eliminated, it is possible that patients may have had such evidence during a period not covered by their enrollment and therefore may have been misclassified. Third, the study database comprises a nonprobability sample of 15 Medicaid States and therefore may not be generalizable to nonMedicaid individuals or the entire US Medicaid population. In addition, because of confidentiality agreements, we were unable to describe and explore specific aspects of state-level HIV coverage policies and linkage programs. Fourth, the study database does not include several important factors that could affect the likelihood of linkage to appropriate HIV care, including the level of community support for patients with HIV, clinic and provider characteristics, and information on other cultural factors. Although this information would not be likely to change our finding that the proportion of patients who link to appropriate HIV care is suboptimal, it could confound our estimates of the odds ratios in the multivariable logistic regressions. Fifth, the exclusion of 189 patients (2.8% of the final sample) who did not have continuous enrollment between the Test Index and HIV diagnosis resulted in a sample of individuals who were more likely to retain insurance coverage. Such patients may have better access to care. Consequently, the impact of this exclusion may have been to modestly increase our estimates of the overall probability of linkage to appropriate HIV care. Finally, the database would not have captured HIV testing or care provided outside the Medicaid system. Although, it seems somewhat unlikely that any large proportion of patients with HIV with Medicaid insurance coverage would not use their health insurance benefits to seek medical attention for their HIV, it is possible that some patients may have tested positive for HIV outside the Medicaid system and then received a first diagnosis within the Medicaid system. These patients would not have been included within the present study sample because we would not have observed their HIV test. Although it is plausible that patients who are diagnosed outside the Medicaid system would be retested upon entry into the Medicaid system, this cannot be confirmed within the present study and the impact of this potential limitation is unknown. This study's primary analytical strengths were its large sample size and anonymous observation of the linkages to appropriate HIV care. Survey-based methods that ask participants to self-report their behaviors can be subject to social desirability biases where patients who perceive that a given behavior is more socially desirable are then more likely to erroneously report such behavior. 29 Aims for future research include further elucidating the drivers of poor linkage to appropriate HIV care, which would help to inform the design of more effective linkage interventions. Studies that examine whether persons who had linked to appropriate HIV care late were seen by other health care providers before linkage may help to quantify the extent to which linkage opportunities are missed in routine practice. In addition, future Medicaid-based research that examines the patterns and correlates of retention within appropriate HIV care, as well as timely initiation of ART, would be useful to better understand the continuum of HIV engagement in this important segment of the US HIV population. 3 In conclusion, this study's findings contrast with prior research showing disparities in access to HIV care favoring whites. Furthermore, it was observed that across all races, the proportion of patients who linked to appropriate HIV care was very low given the availability of effective treatment, suggesting the need for more effective interventions promoting timely linkage to appropriate HIV care after diagnosis. 
